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Cross Reference 

This application is a Continuation-in-Part application of U.S. Patent 
5 Application Serial No. 09/118,406 which was filed on July 17, 1998. 

Background of the Invention 

The present invention relates generally to valve position systems, and 
more particularly, to a flexure used in a current-to-pneumatic (I/P) converter, a 

10 low cost I/P converter, and a dynamically balanced pneumatic amplifier. 

One major purpose of an I/P converter is to produce a pneumatic 
pressure proportional to a given electrical current. This produced pressure may 
be referred to as a signal pressure. This signal pressure is traditionally amplified, 
both in pressure and volume, and fed to a pneumatic actuator used to position a 

15 valve in a valve positioner system as described in the U.S. Patent Application 
Serial No. 09/118,406, which is assigned to the same assignee and incorporated 
herein by reference. 




VALVE POSITIONER SYSTEM 



In addition, in a typical 2-stage valve positioner, the second stage is used 
to amplify both the flow capacity and pressure range of the output since a 
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typical I/P converter has a low flow and minimal pressure gain, Masoneilan and 
other pneumatic control valve positioner manufacturers have traditionally used 
two types of pneumatic amplifiers. One type is a spool valve design. The second 
type is of a pneumatic relay, which is commonly called a relay. The spool valve 
5 provides a very consistent dynamic response, but is difficult to manufacture to 
ensure that it performs well in a steady state. The traditional relay type is easy to 
manufacture and has a good steady state performance, but lacks in its ability to 
perform with a consistent dynamic response. Inherent to the design of the relay 
is an end loading of a supply plug on a corresponding supply seat during steady 

10 state operation of the relay. This end loading is due to the pressure drop across 
the plug and the force due to a supply plug spring. During a dynamic response 
of the relay, a signal pressure must be increased sufficiently to overcome this end 
loading before any additional output flow is established. This change in signal 
pressure with no corresponding output flow is referred to as a flow deadband. 

15 For the improvement of the valve positioner system, what is needed is a 

low cost I/P converter for use in an electro-pneumatic positioner which operates 
with supply pressures between 20 psi and 100 psi. 

What is also needed is a flexure used in the I/P converter for use in the 
electro-pneumatic positioner. The characteristics of this flexure must provide 

20 temperature and vibration resistance for the I/P converter. Also this flexure 

should be capable of providing sufficient gain required for operating the electro- 
pneumatic positioner. 

What is further needed is an improved design of the relay type amplifier, 
which provides consistent dynamic response with minimal effect on the 

25 manufacturability or its steady state performance. 
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Summary of the Invention 

A dynamically balanced pneumatic relay is disclosed. In one example, the 
relay has a balance plug, a supply plug positioned on top of the balance plug, a 
bead chain connecting the balance plug and the supply plug, and a vent plug 
5 positioned on top of the supply plug. The relay integrated with the balance plug, 
the supply plug, and the vent plug avoids a flow deadband during which a 
signal pressure generated by the amplifier changes with no corresponding 
output flow. This is accomplished because the dead band is caused by forces 
deriving from an end loading, and the end load is function of a supply pressure 

10 and the addition of the balance plug adds a force (which is also a function of the 
supply pressure) thereby opposing forces from the end loading. The relay thus 
provides both a reliable steady state amplifier performance and a consistent 
dynamic response. 

In another example, the relay further comprises a baffle positioned on top 

15 of the vent plug for counteracting a back pressure created during a venting 
process. 

A current-to-pneumatic converter used in an electro-pneumatic positioner 
is also disclosed. In one example, the converter has a flexure-nozzle arrangement 
to produce a signal pressure proportional to a given electrical current. The 

20 converter comprises a flat strip made of magnetic material located in proximity 
to a nozzle, and a flow regulator having a flat spring securing a plug in a seat 
within the regulator, wherein the regulator maintains a near constant fluid 
feeding the nozzle. 

In another example, a design of a current-to-pneumatic converter of an 

25 electro-pneumatic positioner is disclosed. The converter comprises a 

cantilevered flexure integrally secured to a molded spring support, a first bias 
spring positioned on a first side of the flexure, and a second bias spring 
positioned on a second side of the flexure. The flexure, the molded spring 
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support, and the bias springs are centered around a nozzle of the converter. The 
thickness of the flexure is locally reduced in an area not integrated into the 
molded spring support. The converter thus designed has a predetermined 
temperature and vibration resistance of the flexure. 

5 

Brief Description of the Drawings 

Fig. 1 illustrates a portion of a current-to-pneumatic converter. 
Fig. 2 illustrates a detailed view of a flexure assembly within the converter 
of Fig. 1. 

10 Fig. 3 A illustrates a top view of a flow regulator. 

Fig. 3B illustrates a sectional view of a flow regulator of Fig. 3A. 

Fig. 4A illustrates a sectional view of a relay used in the valve positioner 
system according to one example of the present invention. 

Fig. 4B illustrates a sectional view of a relay used in the valve positioner 
15 system according another example of the present invention. 

Description of the Preferred Embodiment 

This application incorporates by reference in its entirety the co-pending 
parent application U.S. Patent Application Serial No. 09/118,406 which was filed 

20 on July 17, 1998. 

Referring to Fig. 1, a portion of an I/P converter 10 is shown. As 
described above, the purpose of the I/P converter is to generate a signal pressure 
proportional to a given electrical current. One improved design of a low cost I/P 
converter according to one example of the present invention uses a flexure- 

25 nozzle arrangement to produce the signal pressure, A flexure 12 is a flat strip 
located in close proximity to a nozzle 14. The flexure 12 is acted on by a variable 
magnetic force produced by a current flowing through a wire coil 16, thereby 
creating a back pressure in the nozzle. The flexure is further integrated with a 
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molded spring support 18 and two bias springs 20. There is an adjusting screw 
22 sitting on top of the I/P converter. 

Referring now to Fig. 2, a detailed view of a flexure assembly is shown. 
As it is clearly shown, the flexure has a portion 12a embedded within the molded 
5 spring support, and a cantilevered portion 12b, The cantilevered flexure 12 
allows for the flexure to expand and contract perpendicular to the nozzle 14, 
thereby maintaining a constant distance between the flexure and nozzle under all 
temperatures. In addition, the molded spring support 18 maintains a correct 
alignment of the bias springs 20, which are used to set the zero condition of the 
10 I/P converter and further enhance the strength of the flexure assembly. The bias 
spring 20 also increases the stiffness of the entire flexure assembly. It is known 
that the stiff er the flexure assembly the higher the natural frequency, and the 
higher the natural frequency the greater the vibration resistance created in the 
I/P converter. 

1 5 The flexure is made of a soft magnetic material to produce both the 

flexibility and the magnetic effect. As a general rule, a given amount of magnetic 
material will only produce a limited amount of electro-magnetic force. Therefore 
a particular thickness of the flexure is required to produce adequate magnetic 
force. This may cause an increase in the thickness of the flexure, and further 

20 create excessive stiffness. To solve this problem, the thickness of the flexure is 
reduced locally on the cantilever portion 12b of the flexure. Consequently, this 
design creates a flexure with adequate magnetic material but with optimal 
stiffness. 

This flexure assembly design utilizes a one-piece cantilever flexure made 
25 from soft magnetic material with a locally decreased thickness, and provides for 
a constant air gap at all temperatures. 

Referring now to Figs. 3A and 3B, a top view and a sectional view of a 
flow regulator are shown. Also, with regard to the I/P converter 10 as shown in 



5 



Attorney Docket No,: 26334.8 

Fig. 1, it is further understood that a flow of a predetermined liquid feeding the 
nozzle must be maintained at a near constant rate under all supply pressures. A 
flow regulator 30 is conventionally used to perform this task. The flow regulator 
30 has a small plug 32 and a seat ring 34. The plug 32 is preferred to seat 
5 correctly in the seat ring 34 all the time during the operation of the I/P converter. 
A spring is usually used to ensure the plug 32 is seated appropriately in the seat 
ring 34. Traditional compression and tapered springs have been used to perform 
this task. In one example of the present invention, a "'flat spring" 36 is used to 
perform this task. The flat spring 36 not only provides a spring force as a 

10 conventional spring, it also centers the plug 32 in the seat ring 34. 

The flat spring requires significantly less space than a traditional 
compression spring. It is also easier to assemble than the compression spring 
and improves the centering of the plug. 

Referring now to Fig. 4 A, a sectional view of a relay amplifier 40 (a 

15 ''relay'') used in the valve positioner system is shown. As it is known, there are 
generally two types of amplifiers used in the valve positioner system, the spool 
valve type and the relay type. The relay amplifier does not perform as well 
dynamically as the spool valve type amplifier because it has an inherent flow 
dead band. This flow dead band causes a condition where the signal pressure to 

20 the relay can be changed with no corresponding relay output flow change. 

To minimize the flow dead band, a plug assembly 42 of the relay is 
designed to be "balanced" with the input and output pressures. This balancing 
objective is achieved by adding a balance plug 44 and sizing the areas the air 
pressure acts thereon. This balance plug 44 is secured to a supply plug 46 using 

25 a bead chain 47. This bead chain 47 provides for a secure attachment while 

providing minimal opportunity for side loading the balance plug 44. It is known 
that side loading adds additional undesirable dead band due to frictions created. 
Since the dead band is caused by forces deriving from the end loading, and the 
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end load is function of a supply pressure, the addition of the balance plug adds a 
force which is also a function of the supply pressure to oppose forces from the 
end loading. 

With the balance plug 44 installed, a steady state condition is achieved in 
5 the relay, but does not work well during venting conditions for high output 
pressures. While venting from high output pressures a back pressure is 
established which acts on a vent plug 48 and opens the supply plug 46. 

Referring now to Fig. 4B, the relay is shown according to another example 
of the present invention. To help counteract with the undesired back pressure 
10 force, a baffle 50 is added to the vent plug 46 in the pathway of the venting air 
stream. The forces on this baffle due to the air stream are sufficient to counteract 
the back pressure forces. The addition of the baffle allows the balanced relay to 
be used with higher supply pressures. 

The above disclosure provides many different embodiments, or examples, 
15 for implementing different features of the invention. Specific examples of 

components, and processes are described to help clarify the invention. These are, 
of course, merely examples and are not intended to limit the invention from that 
described in the claims. 

While the invention has been particularly shown and described with 
20 reference to the preferred embodiment thereof, it will be understood by those 
skilled in the art that various changes in form and detail may be made therein 
without departing from the spirit and scope of the invention, as set forth in the 
following claims. 
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WHAT IS CLAIMED IS: 

1 1. A amplifier of a dynamically balanced pneumatic relay type, the 

2 amplifier comprising: 

3 a balance plug; 

4 a supply plug positioned on top of the balance plug; 

5 a bead chain cormecting the balance plug and the supply plug; and 

6 a vent plug positioned on top of the supply plug, 

7 wherein the relay integrated with the balance plug, the supply plug, and 

8 the vent plug avoids a flow deadband in which a signal pressure generated by 

9 the amplifier changes without corresponding output flow, thereby providing 

10 both a reliable steady state relay performance and a consistent dynamic 

1 1 response. 

1 2. The amplifier of claim 1 further comprising a baffle positioned on 

2 top of the vent plug for counteracting a back pressure created during a venting 

3 process. 

1 3. A current-to-pneumatic converter used in an electro-pneumatic 

2 positioner, the converter having a flexure-nozzle arrangement to produce a 

3 signal pressure proportional to a given electrical current, the converter 

4 comprising: 

5 a flat strip made of magnetic material located in proximity to a nozzle; 

6 and 

7 a flow regulator having a flat spring securing a plug in a seat within the 

8 regulator, 

9 wherein the regulator maintains a near constant fluid feeding the nozzle. 
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1 4. A current-to-pneumatic converter of an electro-pneumatic 

2 positioner, the converter comprising: 

3 a cantilevered flexure integrally secured to a molded spring support, 

4 a first bias spring positioned on a first side of the flexure; and 

5 a second bias spring positioned on a second side of the flexure, 

6 wherein the flexure, the molded spring support, and the bias springs are 

7 centered around a nozzle of the converter, wherein a thickness of the flexure is 

8 locally reduced in an area not integrated into the molded spring support, thereby 

9 providing a predetermined temperature and vibration resistance for the 
10 converter. 
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VALVE POSITIONER SYSTEM 

Abstract 

A dynamically balanced pneumatic relay amplifier and a current-to- 
pneumatic converter are disclosed. The relay has a balance plug, a supply plug 
positioned on top of the balance plug, a bead chain connecting the balance plug 

5 and the supply plug, and a vent plug positioned on top of the supply plug. The 
relay also includes a baffle positioned on top of the vent plug. The converter, 
used in an electro-pneumatic positioner, comprises a flat strip made of magnetic 
material located in proximity to a nozzle, and a flow regulator having a flat 
spring securing a plug in a seat within the regulator. The converter also includes 

10 a cantilevered flexure integrally secured to a molded spring support, a first bias 
spring positioned on a first side of the flexure, and a second bias spring 
positioned on a second side of the flexure. The thickness of the flexure is locally 
reduced in an area not integrated into the molded spring support. 
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Fig.l 



Attorney Docket No.: 26334.8 




At±omey Docket No.: 26334.8 




Fig. 3B 



Fig. 3A 
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Fig. 4A 



Fig. 4B 
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Jeffrey M. Becker Reg. No, 35,442 

James R. Bell Reg. No. 26,528 

Daniel E. Burke Reg, No, 46,588 

L, Howard Chen Reg. No. 46,615 

RandaU E. Colson Reg. No. 40,566 

Michael A, Davis, Jr. Reg. No. 35,488 

Ruben C. DeLeon Reg. No. 37,812 

Brian J. Hubbard Reg. No. 45,873 

Rita M. Irani Reg. No. 31,028 

Warren B. Kice Reg. No. 22,732 



Christopher R, Kosh Reg. No. 42,760 
Michael J. Balconi-Lamica Reg. No. 34,291 

Todd Mattingly Reg. No. 40,298 

David L. McCombs Reg. No. 32;271 

William R. Naifeh Reg. No. 44,962 

David M. OT)ell Reg. No. 42,044 

Michael D. Pegues Reg. No. 38,993 

PhilUp B, Philbin Reg. No. 35,979 

Constance M. Pielech Reg. No. 46,991 

Brand! W. Sarfatis Reg. No. 37,713 

David O, Simmons Reg. No. 43,124 



Send correspondence to David L, McCombs, Haynes and Boone, LLP, 901 Main Street, 
Suite 3100, Dallas, Texas 75202-3789 and direct all telephone calls to David L. McCombs at 
214/651-5533. 



FULL NAME OF FIRST INVENTOR: Harold R, Smart 



INVENTOR S SIGNATURE: 




RESIDENCE: 4 Hicks Lane 

Portsmouth, RI 02871 

CITIZENSHIP: United States of America 

POST OFFICE ADDRESS: 4 Hicks Lane 
Portsmouth, RI 02871 
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DOCKET NO: 26334.8 

FULL NAME OF SECOND INVENTOR: Chuhe Zhou 



INVENTOR'S SIGNATURE: 



rX^wlo^'^^ DATED: /o/^?^ 



RESIDENCE: 199 Greenbrook Drive 

Stoughton^MA 02072 

CITIZENSHIP: China 

POST OFFICE ADDRESS: 199 Greenbrook Drive 

Stoughton,MA 02072 
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